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(^) Reinforcing composite items with composite thermoplastic staple fibers. 



(^) Fiber reinforced laminates are made by provid- 
ing a multicomponent staple fiber yarn having a 
fibrous matrix thermoplastic component with a first 
melting point if crystalline or a first softening point if 
not crystalline, and a drawable fibrous reinforcing 
thermoplastic component with a second melting 
^ point if crystalline or a second softening point if not 
^ crystalline, wherein the first melting point is at least 
{V} 5° below the second melting point; fabricating the 
yarn into a pre-consolidation fabric: shaping the pre- 
rtm% consolidation fabric by conforming the fabric onto a 
(V) mold or substrate: and heating the shaped pre- 
CD consolidation fabric to the first melting or softening 
^ point but not to the second melting or softening 
point such that the matrix component melts and 
^ consolidates the reinforcing component. 
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This invention relates generally to reinforced 
composite items and processes for making them. 
More specifically, this invention relates to rein- 
forced composite articles made substantially from 
thermoplastic staple fibers. 

As used herein, the ^rrr. "fioer" includes fibers 
of extreme or indefinite length ("filaments"* and 
fibers cf she rt length ("staple fiber"). Toe term 
"fabric" denotes a two. or possibly three dimen- 
sional product built up from fibers. These fibers 
may occur m the fabric um-directionally . ti-diree- 
tionaliy with different waro ana woof rates or tn- 
directionaily. The term "moeo fiber" or "mi-ed 
f *bers" f e f e-rs to yarns -composed of two or more 
different types of fibers. The terms "multicomponent 
f-be-r" or "multicomponent doers" refers to fibers- 
having two or more longitudinally ooe<tensive- com- 
ponents The term "muiticomoonent yarn" or "mui- 
t-component yarns" refers to Lather moed fiber 
yarns mult-component fibers yams or mixtures o f 
tnem The term "multicomponent staple fiber yarn" 
or "multicomponent staple; fiber yarns" refers to 
yams made at east partially from staple fiber. 

Fiber reinf creed products a^e known. Such pro- 
ducts make possible the manufacture of advanced 
thermoplastic composite parts in very comple- 
shapes. The traditional composites take the form of 
a thermoplastic: matrix reinforced by non-ihermo- 
plastie fibers such as graprnte. glass, ceramics 
and similar fibers. These matenais may be found m 
many "high-tech" applications such as for a ret aft 
components arid recreational equipment 

US Patent No. 4,539.249 <""249") describes 
laminates of graphite glass aramides, ceramics 
quartj. boron SiC. etc . and res"ious thermoplastic 
fibers which a"e intended for ;onversicn into a 
composite. To make the- pre-consolation form, re- 
sinous thermoplastic fibers are combined or blend- 
ed with the reinforcing fibers to form a single; yarn 
The blended yarn is then woven mto a fabric that is 
shaped to a suitable form m a mold and then 
heated to melt the thermoplastic component. Also 
described is a process for spinning staple resm 
fibers with graphite to form the yarn which is then 
woven into the fabric, shaped and heated Fabrics 
formed by interweaving the; graphite in the resm 
fibers by conventional weaving techniques are also 
disclosed. 

US Patent Nos 4.874 563 ('"563"). 4.81 8.3 1 8 
('"318") and 4.871.491 ("491") describe methods 
of forming fiber reinforced composites by forming a 
tape -or fabric prepreg especially of carbon fiber 
tows intermixed with thermoplastic matrix fibers 
Also described is a prc-cess .nvoivmg the extrusion 
cf caroon fiber tapes impregnated with high melting 
thermoplastic polymers. Thes-e patents acknowl- 
edge that prepregs formed by forming composites 
from carbon fibers which are coated or painted with 



thermosetting matrix materials are stiff and can not 
be draped across intricately shaped molds or are 
tacky and difficult to handle These patents dis- 
close attempts to overcome the shortcomings of 

5 such termer processes by intermixing tews of car- 
oon fioers and the^rmc plastic polymeric 'ibers. The 
prc>cesses for such intermixing are disclosed '318 
discloses intermixing two tows where ore tow is a 
thermoplastic matrix material and the other tow is a 

/o reinforcing material that >s preferably carbon fiber 
but may be a sufficiently high melting thermoplas- 
tic. '491 and '563 also describe intermixing meth- 
ods. 

US Patent Nos 5.000.807 f M, 807") an:: 

75 5.177.840 ('"840") both disclose additional meth- 
ods ct commingling or combining thermoplastic 
matrix and. prefe-rably nC'Ci-thermee lastic . reinforc- 
■ng fiber tows. The- reinforcing fibers may be ar- 
omatic poly am ides. 

20 Cziollek J.. "New Yarns for Thermoplastic 

Technical Te- tiles and Composites". Tecnnische 
Te-tilien Technical Te<tiles. Vol. 35 October 1992 
op E106-E107 describes attempts to .levelop a 
100°c thermoplastic composite materia 1 i° which 

25 both the reinforcing fiber and the matri « polymer 
are- thermoplastics This article; describes theoreti- 
:al methods of making such a composite yarn but 
:1oes not sufficiently describe the matn> polymer or 
any specific combination cf thermoplastic reinforc- 

30 ng fiber with a matri-: polymer. The discussion is 
onmaniy directed to development jf a reinforcing 
f iber and is not enabling for a complete composite 
; abf ic. 

U.S Patent No 5 190 809 ('"809") discloses a 

35 fabric of continuous thermoplastic rnatn:-: fi aments 
and continuous reinforcing filaments sui ! ed for be- 
ing orocessed as a thermoplastic composite 
prepreg In one variation of the; fabric both the 
reinforcing filament and ! he rnatn.* filament are 

40 tnermopiastics. Even in the case where both tne 
reinforcing and matri;- filaments arc; thermoplastic 
'809 teaches that each type cf filament s supplied 
as a discrete bundle or monofilament. 

A problem inherent in combining two or more- 

45 thermoplastic materials is the incompatibility of the 
=eparate materials. For 'e-mfeced composite ap- 
;jhcatic n s. it ;s essentia- that the matu:< poiymei 
lomplotely :oat or "wet out" ^he; reinforcing fibe* 
Air p:-->ets that -emam in the final product sen- 

50 ously reduce its strength One manner o* easing 
the problem of insufficient wet out is by adding a 
size. 10. a wetting agent or water soluble polymer 
to the matri> polymer to improve the wet out of the 
reinforcing polymer. 

55 U.S Patent No. 5 187.018 discloses tne use or 

a come atibili^er to promote weUmg of the- reinforc- 
ing fiber by the matri- thermoplastic. The reinforc- 
ing fibe^ and the compatibilizer may be co-e*- 
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truded. 

The present invention solves the deficiencies 
described above in the use of a fabric for process- 
ing into a fiber reinforced composite. The fabric is 
made from a multicomponent staple fiber yarn hav- 
ing a thermoplastic matrix component of a first 
melting point if crystalline or a first softening point 
if not crystalline and a drawable, fibrous thermo- 
plastic reinforcing component of a second melting 
point if crystalline or a second softening point if not 
crystalline. The first melting or softening point is at 
least 5°C below the second melting or softening 
point. 

Another embodiment of the invention is the use 
of a fabric for conversion into a fiber reinforced 
laminate. The fabric is produced by spinning a yarn 
from a matrix thermoplastic staple fiber with a first 
melting point if crystalline or a first softening point 
if not crystalline, and a drawable fibrous reinforcing 
thermoplastic component with a second melting 
point if crystalline or a second softening point it not 
crystalline, wherein the first melting point is at least 
5 3 C below the second melting point; and fabricat- 
ing the yarn into a fabric. 

A further embodiment of the present invention 
is a process for forming fiber reinforced laminates 
by providing a multicomponent staple fiber yarn 
having a fibrous matrix thermoplastic component 
with a first melting point if crystalline or a first 
softening point if not crystalline, and a drawable 
fibrous reinforcing thermoplastic component with a 
second melting point if crystalline or a second 
softening point if not crystalline, wherein the first 
melting point is at least 5'C below the second 
melting point; fabricating the yarn into a pre-con- 
solidation fabric; shaping the pre-consolidation fab- 
ric by conforming the fabric onto a mold or sub- 
strate: and heating the shaped pre-consolidation 
fabric to the first melting or softening point but not 
to the second melting or softening point such that 
the matrix component melts and consolidates the 
reinforcing component. 

It is an object of the present invention to pro- 
vide a predominately thermoplastic reinforced com- 
posite material from staple fibers. 

Related objects and advantages will be appar- 
ent to those of ordinary skill in the art after reading 
the following detailed description. 

To promote an understanding of the principles 
of the present invention, descriptions of specific 
embodiments of the invention follow, and specific 
language describes the same. It will nevertheless 
be understood that no limitation of the scope of the 
invention is thereby intended, and that such alter- 
ations and further modifications, and such further 
applications of the principles of the invention as 
discussed are contemplated, as would normally 
occur to one ordinarily skilled in the art to which 



the invention pertains. 

The present invention involves the use of mul- 
ticomponent predominately thermoplastic staple fi- 
ber yarns (either mixed staple fiber or multicom- 

5 ponent staple fiber) to prepare fabrics for use in 
making reinforced composite items. By combining 
staple fibers, a much more uniform mixing of the 
reinforcing and matrix components is achieved 
without complicated process steps, such as those 

10 required in commingling. The use of staple fiber 
yarns places the reinforcing component in intimate 
contact with the matrix component, which will typi- 
cally produce much stronger adhesion between the 
components than found in other methods The use 

75 of staple fiber yarns will allow two normally in- 
compatible polymers to form strong components 
without the use of compatibilizmg agents such as 
those discussed in U.S. Patent No. 5,187,018. 

A first embodiment of the present invention is a 

20 fabric suitable for being processed into a fiber 
reinforced composite article. The fabric is com- 
posed of multicomponent staple fiber yarn having 
one component of thermoplastic: matrix polymer 
and the other component of thermoplastic reinforc- 

25 ing polymer, whereby the reinforcing component is 
preferably a filament and the matrix component is 
preferably a staple fiber. The components may be 
present as a bicomponent staple fiber in any ar- 
rangement, e.g., side-by-side or sheath core or is- 

30 lands-in-the-sea, whereby the matrix components 
may consist of monocomponent staple fibers. It 
should be readily apparent that, in the case of 
bicomponent staple fibers, the matrix component 
should occupy a large portion of the outer surface 

35 of the fibers to facilitate flowing and incorporate the 
reinforcing component in the melt without signifi- 
cant void formation. 

The multicomponent staple fiber yarns useful 
in the present invention may be made according to 

40 any known or later developed method for making 
such fibers. For example, side-by-side bicom- 
ponent tow may be made as shown in U.S. Pat 
No. 5,162,074, incorporated herein by reference for 
such teaching. Sheath core bicomponent tow may 

45 be made as shown in U.S. Pat. No. 5,162,074 
incorporated herein by reference for such teaching 
The portion of U.S. Patent No. 3,692,423 relating to 
the manufacture of islands-in-the-sea fibers is here- 
by incorporated by reference as an example of 

so how such fibers can be made. Where the arrange- 
ment is sheath core, the matri< material occupies 
the sheath. Where the arrangement is islands-in- 
the-sea, the matrix material occupies the sea. After 
making the multicomponent tow, it is cut into staple 

55 lengths and then formed into yarn by staple spin- 
ning according to known methods for doing so. 

The multicomponent fibers may be formed by 
co-spinning the matrix and reinforcing components. 
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Alternatively, the components may bo spun sepa- 
rately and combined m the staple spinning pro- 
cess. 

It is contemplated that the muiticomponent sta- 
ple yarns may include other fibers which provide 
other proper tie; For e> ample, carbon 'ibers ma,- 
provide conductivity and resistance to static elec - 
tn:ity. These "functional" filaments may be* added 
durmg co-sp;nmng or by any other method such as 
commingling, ooweaving. coknitting. cownding etc 

The maui> component has a meiting point. * 
crystalline, or a softening point, if not crystalline 
that is at oast about 5 : C. and preferably more 
be- 1 oa' the melting or softening point of the reinforc- 
■ng component This allows the matri-; component 
to met* and oecome me matrix portion of the 
composite while the reinforcing component does 
-'■et melt and r emains fibrous af'er the matrix re- 
solidifies. It should be readily apparent to those 
who are crd'naniy skilled in the art that the greater 
difference in the molting point the greater fie -ability 
m processing tne fabnc made frcm the staple f- 
bers into a :omposite- since the melt temperature 
must ho less tightly contrDlled 

Suitable materials for the matri - componen* 
■nclude virtually any thermoplastic materials so 
ong as the melting point criteria is met. Of course 
for application in the present invention the thermo- 
plastic shoud be fiber forming However, thus is -n 
pnncipie the- case with virtually all thermoplastic 
materials of the requisite molecular weight, which 
will vary according to the poiymer and its chemical 
properties. Preference- is given to a crystalline or 
= emi-crysta ; hne thermoplastic materials. The- matri - 
component can be selected, for instance from 
poiyamides (such as nylon 6 nylon 6 6: nylon 6 6T 
nylon 616T; nylon 4,6; nylon 8; nylon 6, 10; nylon 
1 1 ; an>l nylon 1 2): polyolefins (such as poly- 
oopylene. polyethylene-. polyteUafiuoroethylene 
and poiyphenviene ether); amoronous and or cry- 
stalline polyesters (such as polyalky lene-tereph- 
malates. oolyethyleneterephthalate ("PET") and 
oc'lybutylo^eterephalate); or pcyimides (such as 
piolyethenmide. polyamideimide, polymethyi(meth)- 
acrylate and polyethylmethacrylate). Further poiy- 
sulfonos; pcyphenylenesulphide: polyvinyls (such 
as DO: y vinyl-alcohol. poly-vin /laoetate 

ethy -enevinyiaoetate copolymers, polv-vmytch- 
ouoe. poiy vm ylidenechloride. copo-ymeis of vinyi- 
c Monde and vinylidenechlonde or poly- 
vinylidenefluoride); polyethyleneglycol; styrene- 
containing copolymers (such as polystyrene poly- 
monochiorostyrene or styreneacrylonitrhe 
copolymers); polylactones. polyacrylonitrile; 
polyarvlenesulphideketone. polyo- ymethylene. 
polycarbonate. polyethers. polyetherketone. 
polyetherketone-ketone. poly ether etherketone. 

polyetherketone etherketoneketone. polyacetals. 



polyacryhc acid, polyurethanes. polyaryhc acid, cel- 
lulose esters polybencimidazole and copolymers 
and blends of these substances may also be used 
Preferably, the matrix component is selected from 

f the group consisting of polyolefins. poiyamides 
polyesters. polysulfones; polyaryletherketones 
polytmides: oolvstyrenes' oolylactones: polycar- 
bonates: and polyethers, Preferably, the matri- 
component is a polyamide and most pre-eraDiy 

T o nylon 6. 

Suitable materials for the reinforcing compo- 
nent should be capable of drawing and orientation 
but generally all fiber terming thermoplastic materi- 
als a f e useful so long as the- materials selected are 

v:> such that the- melt.ng point of the reinforcng ma- 
terial is at least about 5 ; C above the melting point 
of the matri*--. mater -a i. Suitable reinforcing materials 
■ nclude. fer e«:ampe pciyolefms: polyamices. poly- 
esters: polysulfones: polyaryletherketones 

jo oolyimides: polycarbonates: and polyethers Prefer- 
ably, the reinforcing component is a polyester or a 
oolyamide like nylon 6.6 and 6.6T. and most pref- 
erably, polyethylene terophthalate 

Ir a preferred embcdiment said matri- compo- 

25 nent is a poly amide and said reinforcing compo- 
nent is a polyester a hereby the po'yamicic ere-fer- 
ably is nylon 6 and the polyeste-r is oolyethylene 
terephthalate 

In another preferred embodiment said matri- 

30 component is a polyamide and said reinforcing 
component is a polyamide, whereby the matri- 
component preferably .s nylon 6 and saiC remforc- 
■ng component is nylon 6,6 or nylon 6.6T 

In another prefe-rred embodiment said matri- 

36 component is a poiys-ulfone and said reinforcing 
comoonont is a polyaryietherketone. whereby the 
polysulfone preferao^y is poiyethersulfone and the 
polyarylether ketone .s polyetherketone or 
polyethe-'ketcnee-ther k etoneketone 

io In another prefe-rred embodiment said matri- 

component is a pel /arylethorketone and said re- 
inforcing component is a polyaryietherketone- 
whereby the: matri< polyaryietherketone preferably 
is poly et net etherketone and the reinforcing 

45 polyaryietherketone is polyetherketoneether- 
ketoneketone 

In another preferred embodiment said matri- 
comp'onent is a pol/am>oe and said n;-i n forcing 
component is a pc Ivary letherketone-. whereby the 

eo polyamide preferably is nylon 6 6T and the 
polyaryietherketone is polyetheretherketone or 
E'OlyetherketoneetherKevmeketone. 

In general, a variety of matro component to 
remforcing component ratios may be used. Pre-fer- 

55 atly. the final composite should be between 15 and 
80 percent matrix component by weight and more 
preferably. 40 tc 70 percent matn> component by 
weight Of course, it will be understood that the 
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optimum level of matrix component will vary with 
the thermoplastic materials selected as well as the 
intended end application 

The preferred denier per filament is i to 40 
denier per filament, with the most preferred being 3 
to 15 denier per filament. The staple length may be 
i inch to 20 inches (0.63 cm to 50.8 cm) and, most 
preferably, is 1 inch to 8 inches (2.5 cm to 20.3 
cm). 

In general, nearly any cross-section may be 
used to make the staple fibers useful in the present 
invention. The fibers may be, for example, round, 
delta or multiloba). Round cross-sections or cross- 
sections with a modification ratio below 2.3 are 
preferred to facilitate a dense package of fiber and 
to minimize the opportunity to form voids when the 
composite is made. 

Staple spinning processes are known. In gen- 
eral, a typical process involves opening bales of 
staple fiber with an opening machine, then blending 
the bales together many times through a series of 
hoppers to increase uniformity. If different types of 
staple fiber are to be used, combination typically 
takes place during the blending step so as to mix 
the different types of fiber uniformly. The carding 
step follows blending, and creates a sliver of some- 
what oriented staple fibers. Several carded slivers 
may then be combined and drafted on a drawframe 
to further improve both orientation and blend uni- 
formity to yarn spinning. 

To make the fabric, the multicomponent staple 
yarns are processed to form a fabric by chemical 
methods, mechanical methods or thermobonding 
methods, such as weaving, knitting, calendaring, 
hot air bonding, hydroentangling, needle punching, 
plaiting, etc. all according to known methods. Also, 
the fabric may be made by wrapping or braiding 
the yarn about a predetermined form. 

Thermoplastic powders may be added to the 
fabric, when it is made, or one or more layers of 
fabric may be combined with one or more layers of 
sheeting or film of the same or a different thermo- 
plastic material or of a thermosetting material de- 
pending upon the application. Additionally, fillers 
and conventional additives may be added to the 
thermoplastic materials either before they are spun 
to form a fabric or to the fabric or to the prepreg in 
the thermoforming process. These additives may 
be selected from, for example, pigments, fluxes or 
anti-blocking agents. 

A preferred aspect of the present invention is a 
fabric useful for conversion into a fiber reinforced 
laminate which is produced by spinning a yarn 
from a matrix component staple fiber and a drawa- 
ble reinforcing component continuous filament. The 
staple component could also be a bicomponent 
fiber of the reinforcing component and the matrix 
component. The matrix and reinforcing component 



are selected as described above. The fabricating 
may be by knitting, weaving or any other fabricat- 
ing methods such as those used to make non- 
wovens. Suitable methods for fabricating include 

5 chemical methods, mechanical methods or ther- 
mobonding methods, Additionally, the fabric may 
be made by wrapping or braiding the yarn about a 
predetermined form. 

The yarn is formed by spinning the matrix (or 

w matrix and reinforcing) staple fiber and reinforcing 
continuous filaments It is also contemplated that 
other types of fibers may be added to the extent 
permitted by the state-of-the-art now or after future 
developments. Also, it is contemplated that the co- 

15 spun yarns may be combined with other fibers 
which provide other properties. For example, car- 
bon fibers may provide conductivity and resistance 
to static electricity. These "functional" filaments 
may be added during co-spinning or by any other 

20 method such as commingling, coweaving, coknit- 
tmg, cowinding, etc. 

Staple fibers and continuous filaments can be 
combined into a yarn by wrapping the staple fibers 
around the continuous filaments or by wrapping the 

?5 continuous filaments around a staple core This 
process is known as core spinning. Furthermore, 
continuous filaments and staple fibers can be com- 
bined by spinning a staple spun yarn from the 
staple fibers, then combining this yarn and the 

30 continuous filament yarn in a cable twisting pro- 
cess. 

The fabrics of the present invention are particu- 
larly well suited to be stacked to form laminates 
which are processed as prepregs under pressure in 

35 a heated mold. This may, for instance, be an 
ordinary double mold or also a single mold with a 
vacuum bag. An advantage of the prepreg fabrics 
of the present invention is that they can be draped 
when cold. This is of particular importance in the 

40 thermoforming process when filling a mold of a 
complex geometry because a fabric that allows 
itself to be draped will conform completely to the 
shape of the mold. 

Another embodiment of the present invention is 

4b a process for forming fiber reinforced laminates. 
The process involves spinning a multicomponent 
staple yarn (either completely staple or staple and 
continuous filament) as described above having a 
fibrous matrix thermoplastic component and a fi- 

50 brous reinforcing thermoplastic component. Various 
arrangements of the components, such as in a 
multicomponent fiber, a mixed fiber yarn, or com- 
bination of multicomponent and mixed fibers are 
possible. The materials may be selected as de- 

55 scribed above and other functional filaments may 
be added either during the extruding process or 
later by co-winding or any of the other methods 
described above or contemplated in the art. 
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The yarn is then fabricated into a preconsohda- 
tion fabric. The fabricating may be by any of the 
methods described above or contemplated by 
those of ordinary skill in the art. such as weaving 
knitting hydro-entangling, braiding, etc. 

The fabric is then shaped into a preconsolida- 
fron form such as by. for examole. placing the 
fabric onto a moid or suDstrate. Ne>t the shapea 
fabric is heated to at least the melting or softening 
point of the matrr- component out not to the melt- 
ing or softening point of the reinforcing component 
such that tne matn< component melts and flews tc 
adopt tne shape of the mold or substrate 

It is contemplated and especially preferred that 
several layers cf the fabric are placed togethei 
prior to the shaping and heating 

When processing the fabric as a prepreg the 
convene. ona processes can be- applied. Typically 
the fabnc is heated to a temperature at which the 
thermoplastic fibers wilt melt but not yet degrade 
and at /vhich the reinforcing fibers will neither meit 
cy degrade The- thermoplastic fibers will generally 
be chosen from those thermoplastic materials that 
have a melting noin: above i 00 ; C and preferably 
above 130 ; C. to ensure that the mechanical prop- 
ert es C'f the product will oe adequate. In order tc 
promote the wetting of the fibers, pressure of 1 bar 
:o 100 bar will typically be e* eroded 

Since the mventicn used fabrics made from 
components which are already m intimate contact 
the composites formed according to the present 
invention are substantially free from voids where- 
tne matrix nas not wet out the; reinforcement This 
effect is enhancec when the components are spun 
un«form. y such that domains of any one component 
are substantially avs'ded. 

At nigh pressures (above 100 bar), reinforcing 
fibers are less inclined to form loops. The process 
then, however, is both more difficult and expensive 
The present mvent'On is therefore particularly suit- 
ed for use at processing temperatures with average 
to low pressures in vacuum bag molding tech- 
niques, it is possible to obtain a proper impregna- 
tion at differential pressures of 1 to 2 bar The 
Quality of the impregnation deoends in part upon 
the viscos-ty of the thermoplastic material applied 
Fo r instance, in view of thes viscosity of nylon 6. a 
is o referable to emoioy a ores sure of f rom about 5 
ba*' to about 50 car /vhen using this material. 

Fabrics made w th multicomponent staple fiber 
yarns according tc. the present invention can be 
used in an applications where the use of high-grade 
fiber reinforced plastics is advantageous The prod- 
uct is particularly advantageous in those areas 
where it is desiraoie for fiat sheets of fabric to be 
subjected to elastic cold forming to conform + o the 
mold for the thermoformmg process. Examples in- 
clude the automotive industry, recreational equip- 



ment, domestic articles (e.g.. bo-es for micro- 
waves), housmgs for electronic apparatus, satellite 
dishes, the aircraft industry, shipbuilding, home 
construction furniture, vessels and helmets. 
5 The invention will now be described by refer- 

ring to the following detailec examples These e-- 
amples are set forth by way of I'lust^a'cn and are 
not intended to be limiting in scope. 

w EXAMPLE 1 

Composite from a Knitted Fabric of a Bi com- 
ponent Staple Fiber Yarn 

75 Bicomconent staple f.bers are produced by 

spinning sreath core filaments througr a spinneret 
assembly at 290 5 C with the sheath comprised of 
nylcn 6 (relative viscosity m H SO: o f 2 8, mea- 
sured at a concentration of 1 g of polymer per 100 

jo "T in 96 °o strength by weight su'funo acid at a 
temperature of 25 ; C. an j moisture below 500 
opmi and the core comonsed of polyethylene' 
terephthala'e {"PET") The PET has an intrinsic 
viscosity, measured at a concentration Df 1 g poiy- 

25 mer per 100 ml in 60°b by weight phenol 40° 3 by 
weight tetra :hloroethane- at a temperature- of 
25 7 C. of 0.63 and a moisture below 80 ppm. T^e 
wetght percentages of each is 23°o sheath ana 
77°o core. After leaving the spinneret, tne laments 

30 are quenched with air and drawn over heated 
godets to impart orientation and consequently m- 
irease strength. The filament bundle is 'hen wound 
onto a package using a winder. The resulting yarn 
nas a total denier of 1485 and a filament count of 

35 1 10 The; denier of each is appropriately 13.5. 

Twenty packages arc; then placed on a cree 
and the ends of yarn are combined together into a 
tow . The- tow is crimped =n a stuffer bo- crimper to 
yield an average of 10 enmps pier inch (3.9 crimes 

40 per cm) with an amplitude- of 0 05 inches (0.127 
cm). The enmped tow is then cut into staple fiber 
using a rotat-ng blade cutter to yield an average cut 
ength of 2 inches (5.08 cm) The staple fibers are 
baled and transported tc- the staple spinning pro- 

45 cess, 

The bales of staple fiber are opened on an 
opening line which breaks up the clumps of fiber 
-emoved from the- bale then continuously recom- 
bines the staple fibers to improve uniformity and 

so sufficiently open the fiber into a fluffy mass This 
opened fiber is then fed into a card with a 300 rp-m 
cylinder spe-ed producing a carded sliver of 70 
grams yard (76.6 grains meter) and placing the sli- 
ver in a slive» can in a ceded catte-rn. Eight ends of 

55 tms sliver are fed into a dra/vframe which combines 
the ends and drafts them e ght times at 1200 yards 
(1097 m) per minute to produce a drawn sliver of 
70 grains yard (76.6 grams meter) whion is placed 
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in a sliver can. The drawn sliver is then converted 
to spun yarn using an open end spinning machine 
with a 60 mm rotor and 50,000 rotor speed. The 
resulting yarn has a cotton count of 6 or an ap- 
proximate denier of 900. 

The yarn ts knitted into a tube using a circular 
knitter. Tension is applied to make the knit tube as 
dense as possible. The fabric weight of the knit 
tube is 900 grams/m 2 . Four layers of knit tubes (8 
plies of fabric) are stacked together and molded in 
a hydraulic press at 450 ° F (232 ° C) and 21 bar 
(300 psig) pressure for 16 minutes. The resulting 
composite material is approximately 23% nylon 6 
matrix and 77% PET reinforcing fiber. 

EXAMPLE 2 

Composite from a Knitted Fabric of a Mixed 
Staple Fibe r Yarn 

Nylon 6 staple fibers are produced by spinning 
through a spinneret assembly at 270 °C. The nylon 
6 has a relative viscosity (measured under the 
same conditions given in Example 1) in H-SO* of 
2.8 and moisture below 500 ppm. After leaving the 
spinneret, the filaments are quenched with air and 
drawn over heated godets to impart orientation and 
consequently increase strength. The filament bun- 
dle is then wound onto a package using a winder 
The resulting yarn has a total denier of 1485 and a 
filament count of 110. The denier of each is ap- 
proximately 13.5. 

Twenty packages are then placed on a creel 
and the ends of yarn are combined together into a 
tow. The tow is crimped in a stuffer box crimper to 
yield an average of 10 crimps per inch (3.9 crimes 
per cm) with an amplitude of 0.05 inches (0 127 
cm). The crimped tow is then cut into staple fiber 
using a rotating blade cutter to yield an average cut 
length of 2 inches (5.08 cm). The nylon 6 staple 
fibers are baled and transported to the staple spin- 
ning process. 

Polyethylene terephthalate (PET) staple fibers 
are produced by spinning through a spinneret as- 
sembly at 290 °C. The PET has an intrinsic viscos- 
ity, measured in 60% by weight phenol 40% by 
weight tetrachloroethane (same conditions as in 
Example 1), of 0.63 and a moisture below 80 ppm 
After leaving the spinneret, the filaments are 
quenched with air and drawn over heated godets to 
impart orientation and consequently increase 
strength. The filament bundle is then wound onto a 
package using a winder. The resulting yarn has a 
total denier of 1485 and a filament count of 110. 
The denier of each is approximately 13 5. 

Twenty packages are then placed on a creel 
and the ends of yarn are combined together with a 
tow. The tow is crimped in a stuffer box crimper to 



yield an average of 10 crimps pe inch (3.9 crimps 
per cm) with an amplitude of 0 05 inches (0.127 
cm). The crimped tow is then cut into staple fiber 
using a rotating blade cutter to yield an average cut 
5 length of 3 inches (7.62 cm) The PET staple fibers 
are baled and transported to the staple spinning 
process. 

The bales of nylon and PET staple fiber are 
opened together in equal amounts (50% of each) 

w on an opening line which breaks up the clumps of 
fiber removed from the bale then continuously re- 
combines the staple fibers to improve uniformity 
and sufficiently open the fiber into a fluffy mass. 
The opened fiber is then re-fed into the opening 

15 line for two additional passes to further improve 
blending between the nylon and PET. This opened 
fiber is then fed into a card with a 300 rpm cylinder 
speed producing a carded sliver of 70 grains yard 
(76.6 grains meter) and placing the sliver in a sliver 

20 can in a coiled pattern. 

Eight ends of this sliver are fed into a 
drawframe which combines the ends and drafts 
them eight times at 1200 yards minute (1097 
m minute) to produce a drawn sliver of 70 

25 grains yard (76.6 grains meter) which is placed in a 
sliver can. The drawn sliver is then converted to 
spun yarn using an open end spinning machine 
with a 60 mm rotor and 50,000 rotor speed. The 
resulting yarn has a cotton count of 6 or an ap- 

30 proximate denier of 900. 

The yarn is knitted into a tube using a circular 
knitter. Tension is applied to make the knit tube as 
dense as possible. The fabric weight of the knit 
tube is 900 grams m 2 . Four layers of knit tubes (8 

35 plies of fabric) are stacked together and molded in 
a hydraulic press at 450 0 F (232 0 C) and 21 bar 
(300 psig) pressure for 16 minutes. The resulting 
composite material is approximately 50% nylon 6 
matrix and 50% PET reinforcing fiber. 

40 

EXAMPLE 3 

C omposit e from a Knitte d Fab ric of a Yar n 
Containing Co n tinuous Fila ments and Mon - 
45 ocomponent Staple Fibers 

Bales of nylon 6 staple fibers are produced by 
the method described in Example 2. The bales of 
staple fiber are opened on an opening line which 

so breaks up the clumps of fiber removed from the 
bale then continuously recombines the staple fibers 
to improve uniformity and sufficiently open the fiber 
into a fluffy mass. This opened fiber is then fed 
into a card with a 300 rpm cylinder speed produc- 

55 ing a carded sliver of 70 grains yard (76,6 
grains meter) and placing the sliver in a sliver can 
in a coiled pattern. Eight ends of this sliver are fed 
into a drawframe which combines the ends and 
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drafts them eight times at 1200 yards minute (1097 
m minute) to produce a drawn nylon sliver of 70 
grains yard (76.6 grains meter) which is placed in a 
sliver can. 

Polyethylene terephthalate (PET) continuous 
filaments are produced by spinning through a spin- 
neret assembly a f 290 = C The PET has an intrinsic 
viscosity (measured in the same solvent and under 
the same conditions as in Example 1) of 0.63 and a 
moisture below 80 ppm. After leaving the spinneret 
the filaments are quenched with air. drawn over 
heated godets to impart orientation and conse- 
quently increase strength. The filament bundle is 
then wound onto a package using a winder The 
resulting yarn has a total denier of 1000 and a 
filament count of 110. The denier of each is: ap- 
proximately 9. 

The nylon staple fibers anc PET continuous 
filament yarn are combined in the core spinning 
process at 125 meters minute running speed 
whereby staple fibers of nylon are wrapped onto 
the PET filament yarn. Five ends of nylon sliver are 
combined with one end of PET yarn and the draft- 
ng unit II speed is adjusted to yield a yarn with 
30% nylon staple fibers and 70% PET continuous 
'■laments by weight. The resulting yarn has a de- 
n,er of 1430 

The yarn is knitted into a tube using a circular 
knitter. Tension is applied to make the knit tube as 
dense as possible. The fabric weight of the knit 
tube ;s 900 grams m : . Four layers of knit tubes (8 
plies of fabric) are stacked together and molded in 
a nydrauhc press at 450 3 F (232 : C) and 21 bar 
(300 psigj pressure for 16 minutes. The resulting 
composite material is approximately 30°o nylon 6 
mam,-: and 70° o PET reinforcing fiber. 

EXAMPLE 4 

Composite from a Knitted Fabric of a Yarn 
Containing Continuous Filaments and Bicom- 
ponent Staple Fibers 

Bales of bicomponent staple fibers are pro- 
duced by the method described in Example 1 
e-cept that a ratio of 50° o sheath and 50°o core is 
used. The staple fiber is converted *o 70 grain yard 
< 76 6 grains meter) drawn silver as descnhc-d m 
Example 1 

Polyethylene terephthalate- (PET) continuous 
filaments are produced by the method described in 
Example 3 

The bicomponent staple fibers and the PET 
continuous filament yarn are combined in the core 
spinning process at 125 meters minute running 
speed whereby the ticomponem staple fibers arc- 
wrapped onto the PET filament yarn. Five ends of 
sliver are combined with one end of PET yarn and 



the drafting unit II speed is adjusted to yield a yarn 
with 40°o bicomponent staple fibers and 60°o PET 
continuous filaments by weight. The resulting yarn 
has a denier of 1 430. 

5 The yarn is knitted into a tube using a circular 

knitter. Tension is applied to make :ne knit tube as 
dense as possible The fabric weight of the knit 
tube is 900 grams m- . Four layers of knit tuoes (8 
plies of fabric) are stacked together and molded in 

■ o a hydraulic press at 450 : F (232 5 C) and 21 bar 
(300 psig) pressure for 16 minutes The resulting 
composite material is approximately 20°o n/'on 6 
matrix and 80°o PET reinforcing fit er. 

t 5 Claims 

1. The use of a fabric for processing into a fiber 
remforced composite, said fabric comprising: 
a muiticomponent staple fiber yarn naving 
2c a thermoplastic matrix component of a first 

melting point if crystalline or a first softening 
point if not crystalline and a diawable. fibrous 
thermoplastic reinforcing component of a sec- 
ond melt ng point if crystalline or a second 
25 softening point if not crystalline. 

wherein said first melting or softening point 
is at least 5 : C below said sec ond melting or 
softening point. 

30 2. The use of a fabric for conversion into a fiber 
reinforced laminate, the fabric being produced 
by the process comprising: 

spinning a yarn from a matrix thermoplas- 
tic staple fiber with a first melting point if 

35 crystalline or a first softening point if not cry- 

stalline, and a drawable fibrous reinforcing 
thermoplastic component w.th a secono melt- 
ing point if crystalline or a second softening 
point if not crystalline wherein said firs" melt- 

40 mg point is at least 5 1 be*ow said second 

melting point: and 

fabricating the yarn into a fabric 

3. A process for forming fioer reinforced lanm- 
4.5 nates comprising: 

providing a muiticomponent staple fiber 
yarn having a fibrous matn> thermoclastic 
component with a first meting po-nt -f cry- 
stalline or a first softening point if not cry- 
50 stalline, and a drawable fibrous reinforcing 

thermoplastic component wiU"' a seconc melt- 
ing point if crystalline or a second softemng 
point if not crystalline, wherem said first melt- 
ing point is at least 5 Ml. below said second 
55 melting point: 

fabricating the yarn into a pre-consolida- 
tion fabric: 

shaping the pre-consolidation fabric by 
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conforming the fabric onto a mold or substrate; 
and 

heating the shaped pre-consolidation fabric 
to the first melting or softening point but not to 
the second melting or softening point such that 5 
the matrix component melts and consolidates 
the reinforcing component. 

4. The process of claim 3 wherein said providing 

is of a bicomponent staple fiber integrally com- ;o 
prised of said reinforcing component and said 
matrix component. 

5. The process of claim 4 wherein said bicom- 
ponent fiber has a core of said reinforcing 75 
component and a sheath of said matrix compo- 
nent. 

6. The process of claim 4 wherein said bicom- 
ponent fiber is a side-by-side bicomponent 20 

7. The process of claim 4 wherein said bicom- 
ponent is an islands-in-the-sea bicomponent. 

8. The process of claim 3 wherein said providing 
is of a staple fiber having substantially no 
domains of any one component. 

9. The process of claim 3 wherein said providing 
is of a matrix component selected from the 
group consisting of: 

polyolefins; polyamides; polyesters; poly- 
sulfones; polyaryletherketones; polyimides; 
polystyrenes; polylactones; polycarbonates; 
and polyethers. 

10. The process of claim 3 wherein said providing 
is of a reinforcing component selected from 
the group consisting of: 

polyolefins; polyamides; polyesters; poly- 40 
sulfones; polyaryletherketones; polyimides; 
polycarbonates; and polyethers. 
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point if crystalline or a second softening point if not 
crystalline, wherein the first melting point is at least 
5 J below the second melting point; fabricating the 
yarn into a pre-consolidation fabric; shaping the pre- 
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consolidation fabric by conforming the fabric onto a 
mold or substrate; and heating the shaped pre- 
® consolidation fabric to the first melting or softening 
QL point but not to the second melting or softening 
m point such that the matrix component melts and 
consolidates the reinforcing component. 
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